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DETERMINING PROPERTIES OF BARYON
RESONANCES IN NUCLEL

MIKKEL B. JOHNSON
Los Alamos National Laboratory, Los Alamos, NM 87545, USA

C. M. CHEN
Natienal Tuiwan Universiry, Taipei, Taiwan, 10764, R.0.C.

D. J. ERNST and M. F. JIANG
Department of Physics, Vanderbilt University, Nashville, TN 37245, USA

Meson-nucicus and photon-nucleus interctions are imporiat sources of Infonnation about the medium
modifications of baryon resonunces in nuciel.  Indications of how large the modian ¢tiectn age for
resonances abuve the A, (1232) are proviied by u combined malysix ol photonucieir und pion erons
sections in the CeV ringe ot energies. The existing dinn indicite i possible 10-20% renormalization of the
ploa coupling to higher:lying resommces in nucled,

When a projectile strikes a nucleon in the nucleus forming a resonance, the muss and width of this
baryon resonance may e dilferent from the wm:smndmu values in free spuce. The simplest way
0 picture this is in the ohar-doorway model,! in which the propenties of the rexonancs appearing.
say in Eq. (2), ure purumeterized and deduced trom expediment. This was done long ago for the
A.., und in the mean time the empivical valucs h.m been understood based on microscopic theory.
For example, a combinution of medium effects, 23 including the hinding of the nucleon, the mean
tiold ucting un the Ay, Puuli blocking, furmi averuging, and correlution corrections ane required o
understand the shits in the mass and width of the Ay In i more modern context, the moditied
resonance properties retlect the behavior of quark and gluon condensates in nucled.

To make the connection to quark and glion condensates,® it is of course Tird necessary to
determine empirically the masses and ¢coupling constants of buryon resonances in nucler, The
problem of determining these properties tor the massive buryon resonances 14 more complicated
thun 1t is tor the A, itselt, because at higher enerpies the resonunces are overlapping.
Consequently, one needs to consider all sources of intormation avarlable. Photonuelear and prome
reactions are complementary for this purpose, slnee the resonunces we mixed ditteiemly in
difierent reactions. In this ik, we will indicate what oxisting data are sayimg ahont the propertics
of buryon resonunces in auclel following our Rel. $ and briefly discuss the prospects tor obtaining
additionad infomution at new tuciliies

The basie element of meson-nugleus und photon-nucleus scattering is the conesponding
satiering 2-matrix, which may be divided into resonanee and bagkground pants,

P=ty*+ L0, h

where 1, 15 the noaresonant background amplitude and 1,,, , 15 the resonunt on-shell umplitude for
resonatnee §. The fatter may be expressed ina BreiWagmer torm, ¢ g, tor plons,
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charucterizad by a fve-space elastic width (proportional to R’ s B fooe-space mass M, und u
frevespace Wolal width T, Hee & is the plon and p is the mm four momentum.

Measurements of otal cross sections with enorgetic photons have heen used tor an empirical
study of haryon resonances in nuckei above the A(1232).% In the case of photonuckear
measurements. the prominent peoks for the D,(1320) and F\4(1680) resununces, present for the
frce nucieon, have been found 1o disappoar for u nuckear target. This result s interpeeted in Ref. 6
as the combined vitect of ferml averaging plus additional collision broadening. Various atiompts
have heen made 1o understand plon acatiering dota chowve the Ay resonunce: see ¢.8., Refs. § and
T--12. There Is general quantitatve agnement among the differunt approuches, and it is found that
in the abaenee of medium modifications the experimental data s generally in disagreement with
thoory.

The work in Ref, § was done in the covarlant theary of Rol, Y. Fermi motion was iwluded,
but i was axsumed that the conventional sccond-under corelution corroetions and mesonic-current
cormections ure negligible. The medium madificutions to the seif-nergies of the haryon resonunces
were incorporated in the spirkt of Rel. 6. That ia, ¢, , is musumed W be modified in the incdium
by the fermi motion of the nucloons plus additional mlfmm hroadening. \

Fiest, 8.0 - i adjusted 1o Mt the free pion-nucleon elastic amplitudex' and the wial cins
scctions are caleillated from these using the sikonal theory. The resulis arc presenied in Fig. | avu
function of pion leboratory kinotle eneegy for £° on '2C and compared W daw' Y 1* (The mew
KEK data'” were not avallahke when the study tn Ref. $ wus made.) The medium-dash line 18 the
result of the culeulution in the ubwence of collision broudening, showing the combined effevt of
fermi averaging and multiple scatiering. When the collision broadoning is sdded as dewrmined
trom the phoie= tofal croas sevtion in Rel, 6. the dush-doticd curve in oblained.  Although the
increaae in widths has u noticeahle offect on the prodicted cross scctions, the result ia strikingly
smul) and the effect of the wrong sign. Changes in the muases of the resonunces will have Nule
wdditional effect since the reaonanves in our final model are quite broad.

Thu momt interesting femture is not the eflect of the inedivm modifcations per ae, but ratlue e
large discropuncy thut stands out in comparing the dush-doted curve in Fig, | with the duta.
Tgnuring for the moment the KBK dat, the discrepancy is abowt 0% und s upprorimaicly energy
independont. One interesting posalble explanation s that the coupling of the pion to the remnances
is moditied in the nuckeus  In the eikimal theory, o phemmennlogical increase of the pron-ninckon
ineruction in the medium by 208 will roproduce the older duta, as s shown by the solid curwe in
Fig. 1.

‘I hia comeaponda to u 10%: increase in the pion nucleon-nesonancy coupling constnt, g AN,
in all channelxs (including the nonsreaonant chaniels) and would be a significant idditional paeee al
informatiem for construlmng the Tour-guark condensates in nuclel.  The coupling conntam
remmalization necded i the optical moded theory® 1 ahout twice this size. but in both approaches
un enhanved interaction s clealy indicated  “Thix siuation is ieminiseent of what has been aeen'®
in K" -nucleus wattering. ‘Thens one also tinds that the thestetical cross weetions e consistently,
und of the order of 2078, below the data, An explanation suggested™ bere s an incweased conplng
of mesana o the nuckion
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Fig. 1. Totd cross section for £on 2C. Dt are trom Refs. 15 and 16, and the colculations are described
in the fest.

To reline the theory, angular distribution data ave very uselul. The reason ix that angulae
distributions in the vicinity of their minimu (which we huw. tound to difter somewhat trom the
theory), depend strongly on the real part of tie amplitude® and are therefore purticularly sensitive
to the masses of the resonunces in the nucleus,

Availuble angular distridution! 72V daw support the imerpmlmmns for an enhanced pion
coupling to the higher baryon resonances in auclei. which hus important implications for quark
condensites in nuclei. However, the required enlmnu'mem is no longer independent of energy,
since the total cross sections extracted from the KEK data'? ure smaller than the older data helow
600 MeV where the A(1232) begins o dominate. It is also likely that shitts in the masses of the
hiaryon resonances 1n nueler will be nequired in order to understand the angular distributions in the
vicinity of their minima, and it will be interesting to see what values the data reqquire for these

In the longer-term future, an expenmental ettort to separate the contributions from the
(overlapping) resonunces would b= guite desirable, Such measurements might be maile by doing
coincidence measurements in which the outgoing pion of eta meson 18 dcm..wd In coincidence with
the outgoing proton ansing from decay of excited baryon esonances 2% CEBAE or the AGS
would be very uttructive tor such oxperiments,
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